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CHEMISTRY SELF-EFFICACY BELIEFS AS PREDICTORS OF 
STUDENTS' METACOGNITIVE SKILLS WHEN SOLVING 
CHEMISTRY PROBLEMS 
 




This paper aims to explore (1) students’ chemistry self-efficacy beliefs and metacognitive 
skills during problem solving in chemistry, (2) a potential significant difference of chemistry 
self-efficacy beliefs and levels of metacognitive skills in accordance with subject fields and, 
(3) the level of chemistry self-efficacy beliefs as a predictor of metacognitive skills in the 
course of solving problems. For the specified purposes, “Metacognitive Activities Inventory” 
and “College Chemistry Self-Efficacy Scale” were administered to 80 undergraduate 
students, majoring in the Departments of Chemistry and Chemistry Education. This study 
employed the correlational research model as a type of quantitative research design. The 
results of the study revealed that students maintained high levels of chemistry self-efficacy as 
well as metacognitive skills when solving problems in chemistry. Regarding their subject 
fields, it was observed that there was a significant difference merely in scores of “self-
efficacy for psychomotor skills (SPS)” beliefs. The analyses also showed that the levels of 
students’ metacognitive skills during problem solving predicted solely the variable of “self-
efficacy for cognitive skills (SCS)”, which meant 18.7 % of the total variance.  
Keywords: Self-efficacy beliefs, undergraduate students, psychomotor skills, cognitive 
skills, metacognitive skills, chemistry  
 
1. Introduction 
The role of two psychological constructs, namely self-efficacy and metacognition is 
significant in the process of learning chemistry (Oyelekan, Jolayemi & Upahi, 2019). These 
variables influence learning, academic success, the use of learning strategies, anxiety as well 
as motivation (Bandura, 1997; Britner & Pajares, 2001; Ferrell, Phillips & Barbera, 2016; 
Linnenbrink & Pintrich, 2002; Locke &Latham, 1990; Sungur, 2007). The concept of 
‘metacognition’, originally coined in Flavell’s studies, is defined as one’s knowledge about 
their own cognitive processes and the use of current knowledge in monitoring these processes 
(Flavell, 1979). According to Hennesey (1999), metacognition refers to consciousness of 
one’s own thinking as well as one’s conceptions, a vigorous monitoring of cognitive 
processes and an effort to manage one’s cognitive processes regarding future learning. 
Metacognition, comprised of two core elements, namely metacognitive knowledge and 
metacognitive experience, entails essential executive skills in order to monitor and regulate 
one’s own cognition. Metacognitive knowledge can be described as what individuals know 
about their own cognitive processes. Metacognitive experiences involve the processes that 
allow one to assess and regulate one’s cognition (Flavell, 1979; 2000). Note that 
metacognition has also been dealt with as ‘knowledge of cognition” and “regulation of 
cognition” (Nietfeld, Cao & Osborbe, 2005; Pintrich, 2002; Schraw & Dennison, 1994; 
White & Frederiksen, 2005). The former refers to awareness of one’s own cognition 
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(Pintrich, 2002; Schraw & Moshman, 1995) while the latter is considered as the sum of skills 
in planning, monitoring one’s cognition and evaluating of those processes (Schraw, 1998).   
Wallece, Prain and Hand (2004) maintain that learners are supposed to acquire 
metacognitive skills for a variety of reasons such as better explanations, constructions of 
solid evidence, argumentations of claims and evaluation and interpretation of the data based 
on addressed research questions. Metacognitive skills involve a range of processes such as 
the plan and implementation of learning activities systematically, monitoring of one’s own 
learning processes along with the evaluation and reflection on them (van der Stel & 
Veenman, 2014). Metacognition is of importance in the acquisition of and implementation of 
permanent learning as well as efficient learning, critical thinking and problem solving 
(Hartman, 1998). One of the significant components that impact metacognitive processes is 
self-efficacy belief (Locke & Latham, 1990; Zimmerman, 2000a; 2011).   
Self-efficacy belief, a key player in science education (Kirbulut, 2014) and one of the most 
important predictive constructs of student success (Ferrell et al., 2016), is a critical variable in 
close connection with cognition and emotions (Bandura et al., 2003). Self-efficacy, a 
determinant of behavior in Bandura’s general model of Social Cognitive Theory, has also 
been examined as an effective, predictive variable for academic motivation and learning 
performance of students (Kirbulut, 2014; Wu, 2013). Perceived self-efficacy, belief in the 
possession of sufficient skills to perform a task (Bandura, 1994), also involve the 
anticipations of the individuals that affirm they could overcome difficult tasks (Palmer, 
2006). Self-efficacy belief is a significant indicator of performance that contributes to one’s 
planning goals and regulating action plans in order to attain those objectives (Dykeman, 
Wood, Ingram & Herr, 2003).  Self-efficacy is a kind of competence made up of belief in the 
ability to meet specific goals/tasks and achieve those expectations (Ormrod, 2006). However, 
self-efficacy belief, determinant of one’s thinking, behaviors and feelings (Bandura 1994), 
should be handled in a particular area. That is, one with high self-efficacy in one domain 
might show low self-efficacy in other areas (Cassidy & Eachus, 2002). The level of self-
efficacy varies according to the environment, conditions, type of task and degree of 
difficulty, as well as the level of one’s command over their subject. (Bandura, 1997; 
Zimmerman, 2000b). Against this background, it is highly suggested that self-efficacy should 
be measured at the optimal level of specificity within a specific domain (Bandura, 1997). In 
this sense, the current study has been designed to focus on Chemistry Education. Regarding 
data collection tools, ‘College Chemistry Self-Efficacy Scale’ was administered to investigate 
students’ self-efficacy and ‘Metacognitive Activities Inventory’ was employed to examine 
the levels of metacognition awareness during problem solving in chemistry. 
Chemistry self-efficacy has been defined as one’s beliefs about their skills to carry out 
assigned chemistry tasks (Çapa Aydın & Uzuntiryaki, 2009). According to Summers (2009, 
p.13), chemistry self-efficacy is “the belief that one has in the ability to perform tasks or 
behaviors associated with the acquisition of chemistry theory and skills”. Self-efficacy 
beliefs, critical to academic success, particularly regarding motivational aspects (Snyder & 
Lopez, 2002), plays an important role in increasing students’ engagement in chemistry 
(Garcia, 2010). Previous research has shown that self-efficacy, a motivational aspect of 
learning, is significant for the improvement of metacognitive strategies (Locke & Latham, 
1990; Kirbulut, 2014; Zimmerman, 2000a; 2011). It has been well-documented in the 
existing literature that self-efficacy impacts cognitive and metacognitive processes, 
management of cognitive and metacognitive strategies. Moreover, there is a positive 
correlation between self-efficacy and metacognition (Ghonsooly, Khajavy  & Mahjoobi, 
2014; Kahraman & Sungur, 2011; Kanfer & Ackerman, 1989; Landine & Stewart, 1998; 
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Nasri, Saleh Sedghpour & Cheraghian Radi, 2014; Pajares, 2002; Sungur, 2007; Tembo & 
Ngwira, 2016), that is, they are distinct but related constructs.    
While plenty of literature exists on science self-efficacy, much less is known of chemistry 
self-efficacy (Summers, 2009). There are a number of studies conducted in different fields 
that focus on the relation between metacognition and self-efficacy (Bozgün & Pekdoğan, 
2018; Cera, Mancini & Antonietti, 2013; Coutinho, 2008; Ghonsooly et al., 2014; Kirbulut & 
Uzuntiryaki-Kondakci, 2019; Moores, Chang & Smith, 2006; Tian, Fang & Li, 2018; 
Valencia-Vallejo, López-Vargas & Sanabria-Rodríguez, 2019; Yıldız & Akdağ, 2017). It is 
noteworthy that there is an increase in the research conducted in the field of chemistry 
education as well on topics such as development of chemistry self-efficacy scale, 
employment of metacognitive strategies in accordance with the levels of chemistry self-
efficacy, self-regulation of metacognition and predictive power of chemistry self-efficacy in 
critical thinking (Avargil, 2019; Çapa Aydin, Uzuntiryaki & Demirdöğen, 2011; Çapa Aydın 
& Uzuntiryaki, 2009;  Dalgety, Coll & Jones, 2003; Hayat & Shateri, 2019;  Kirbulut, 2014; 
Kirbulut, 2019; Uzuntiryaki & Çapa Aydın, 2009; Uzuntiryaki-Kondakçı & Çapa-Aydın, 
2013). The scales deployed in the aforementioned studies tend to focus on a rather broad 
area. In this sense, the contribution of this study to the existing literature is in exploring how 
chemistry self-efficacy beliefs impact students’ metacognitive skills in the course of solving 
problems, and thus furthers our understanding of the value of self-efficacy in-service training 
programs (i.e. Department of Chemistry Education) with a close inspection of a related 
construct, i.e. metacognition. Moreover, the scales used in the present study are designed for 
domain-specific (i.e. Chemistry and Chemistry Education) purposes, thereby assessing 
primarily chemistry/chemistry education students’ awareness of the matter at hand. In this 
sense, the current data collection tools show where the current study stands in relation to 
previous research. 
Individuals are supposed to have confidence in the ability to have command in their own 
fields in order to attain some designated level of performance (Azar, 2010). Self-efficacy is 
key to defining what metacognition truly means (Paris & Winograd, 1990) and metacognition 
is of importance in solving problems and comprehending chemistry topics (Cooper, Sandi-
Urena & Stevens, 2008; Cooper & Sandi-Urena, 2009; Kaberman & Dori, 2009; Kipnis & 
Hofstein, 2008; Rickey & Stacy, 2000; Sandi-Urena, Cooper & Stevens, 2011; Schraw, 
Brooks & Crippen, 2005; Tsai, 2001), which manifests that these two concepts are related 
constructs. Set against this background, the current study is an attempt at (1) an investigation 
of students’ chemistry self-efficacy beliefs and metacognitive skills during problem solving 
in chemistry, (2) a potential significant difference of chemistry self-efficacy beliefs and levels 
of metacognitive skills regarding subject fields, and (3) the level of chemistry self-efficacy 
beliefs in predicting metacognitive skills during problem solving. Thus, the contribution of 
this study to the existing literature is in exploring such matters. This study seeks to address 
the following research questions: 
1- What are the levels of students’ chemistry self-efficacy beliefs and metacognitive skills 
when solving problems in chemistry? 
2- Is there a significant difference in students’ chemistry self-efficacy beliefs and 
metacognitive skills during problem solving based on subject fields (i.e. Chemistry vs. 
Chemistry Education)? 
3- Are the levels of students’ chemistry self-efficacy belief a significant predictor of 
metacognitive skills during problem solving in chemistry? 
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2. Method 
2.1. Research model 
The current study employs correlational research model to investigate the impact of 
students’ chemistry self-efficacy levels on metacognitive skills when solving problems in 
chemistry. The aim of this quantitative research model is to explore the relationship between 
two or more variables, and thus to draw conclusions based on the potential relations 
(Creswell, 2007; Gay & Airasian, 2000; Karasar, 2010).  
2.2. Participants 
Participants were undergraduate students (n= 80), majoring in Chemistry and Chemistry 
Education at a public university located in Ankara.  The number of Chemistry students was 
49, while 31 students were majoring in Chemistry Education. The age of the students ranged 
from 21 to 26, with the average age calculated as 23.03 (SD=1.174). There were 16 male and 
64 female students.  All participants completed major area courses except courses (i.e. 
laboratory and other major courses) offered in senior year. Participants granted informed 
consents to participate willingly in the study and for the recruitment of the participants, 
convenience sampling was used in the present study. 
2.3. Instruments 
The data on which this study is based come from two scales: (1) Metacognitive Activities 
Inventory and (2) College Chemistry Self-Efficacy Scale. Participants were given 40 minutes 
to complete the task. 
2.3.1. Metacognitive activities inventory (MAI): 
The inventory, developed by Sandi-Urena (2008) and Cooper and Sandi-Urena (2009), 
was translated into Turkish and (culturally) adapted by Dinçol Özgür, Temel and Yılmaz 
(2018). The inventory aimed at exploring students’ metacognitive skills during problem 
solving in chemistry, consisting of two subscales, namely positive subscale (19 items) and 
negative subscale (7 items). Composed of a total of 26 items, the measure employed a 5-point 
Likert scale that ranged from “strongly disagree” to “strongly agree.” The Cronbach alpha 
coefficient was used to assess internal reliability. Internal consistency analysis showed that 
Cronbach's alpha was (0.885) for the positive subscale and (0.776) for the negative subscale, 
thereby indicating acceptable reliability. The inventory had a high level of internal 
consistency as measured by Cronbach's alpha (0.847) (Dinçol Özgür et al., 2018). The use of 
metacognitive skills (MS) when solving chemistry problems was calculated as a MS-total 
score in the present study. 
2.3.2. College chemistry self-efficacy scale (CCSS):  
The CCSS was developed by Uzuntiryaki and Çapa Aydın (2009) to assess college 
students’ self-efficacy beliefs in performing chemistry tasks. The CCSS consisted of 21 items 
and three dimensions, rated on a scale from “very poorly (1)” to “very well (9).” The 
dimensions were labelled as “self-efficacy for cognitive skills (SCS-12 items)”, “self-efficacy 
for psychomotor skills (SPS-5 items)”, and “self-efficacy for everyday applications (SEA-4 
items)”. The Cronbach alpha coefficients for the SCS, SPS and SEA scores were calculated 
as .92, .87 and, .82, respectively (Uzuntiryaki & Çapa Aydın, 2009).  
2.4. Data Analysis 
The data analysis was conducted within a quantitative framework, based on descriptive 
statistics, independent sample t-test and multiple linear regression analyses. Prior to data 
analyses, realizations of assumptions were controlled. Before the conduct of multiple linear 
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regression analyses, normality, linearity, homoscedasticity and multicollinearity, which were 
the assumptions of the current analyses, were examined for analytical purposes. 
 
3. Results 
 Table 1 illustrates means scores of students’ chemistry self-efficacy beliefs and 
metacognitive skills when solving problems. 
Table 1. Descriptive results of students’ scores on SSCS and MAI 
CCSS 
and MAI 
N Minimum Maximum ?̅? SD Skewness Kurtosis 
SCS 80 62.00 97.00 80.34 7.94 -.027 -.728 
SPS 80 10.00 45.00 35.31 7.15 -.705 .507 
SEA 80 22.00 36.00 27.95 3.19 .008 -.618 
MS-total 80 71.00 124.00 100.65 12.51 -.330 -.488 
As visible from Table 1, the mean and standard deviation scores for chemistry self-
efficacy beliefs for the dimension of SCS were calculated as X ̅ =80.34 and SD=7.94, 
respectively. For the dimension of SPS, it was X ̅ =35.31 and SD=7.15 and for the dimension 
of SEA, it was measured as X ̅ =27.95 and SD=3.19. Regarding the levels of metacognitive 
skills during chemistry problem solving, these two parameters emerged as X ̅ =100.65, 
SD=12.51. Considering the lowest and highest scores students attained through CCSS and 
MAI as well as the mean scores, it might be concluded that the levels of self-efficacy in SCS, 
SPS and SEA were rather high as are the levels of metacognitive skills in the course of 
problem solving. 
The results of the independent samples t-test, which examined a potential significant 
difference between chemistry self-efficacy beliefs and metacognitive skills based on subject 
fields (i.e. Chemistry vs. Chemistry Education), are presented in Table 2. 
Table 2. T-test results of students’ CCSS and MAI scores based on subject fields 
CCSS and 
MAI 
Group N ?̅? SD df t p 
SCS 
 
Chemistry 49 80.53 7.95 78 .272 .787 
Chemistry 
Education 
31 80.03 8.05  
SPS Chemistry 49 37.20 6.65 78 3.136 .002 
Chemistry 
Education 
31 32.32 6.97  
 
SEA 
Chemistry 49 28.24 2.56 78 .943 .351 
Chemistry 
Education 
31 27.48 4.01  
MS-total Chemistry 49 100.79 11.83 78 .130 .897 
Chemistry 
Education 
31 100.41 13.71  
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The analysis of the test demonstrated that there is a significant difference in only scores of 
SPS beliefs t(78)=3.136, p<0.01 when subject fields are taken into consideration. It was also 
observed that students majoring in Chemistry Department attain higher scores (X ̅= 37.20) on 
SPS beliefs compared to the students of Chemistry Education (X ̅=32.32).  
Multiple regression analysis was conducted to determine the levels of chemistry self-
efficacy beliefs (SCS, SEA, SPS) as predictors of metacognitive skills when solving 
chemistry problems. Prior to the conduct of the analysis, the satisfaction of the assumptions 
was controlled. The values of skewness and kurtosis for variables are given in Table 1. 
These values fell between +2 and -2, indicating the normality of the given dataset (George 
& Mallery, 2010). It should be noted that firstly, binary correlations between independent 
variables can be used to recognize a potential problem with multicollinearity. Values over 
0.70 (Tabachnick & Fidell, 2001) and 0.80 might indicate multicollinearity while values 
above 0.90 clearly indicate an important problem with multicollinearity (Büyüköztürk, 2009; 
Pallant, 2010). It has also been well-established that when tolerance value is higher than 0.10 
and VIF values are less than 10, no problems with multicollinearity comes to the fore (Pallant 
2010). All these values are presented in Table 3. 
Table 3. Correlations, Tolerance and VIF values of variables 
Variables Correlations 
Tolerance VIF 
 1 2 3 4 
1.SCS 1 .68** .65** .43** .408 2.449 
2.SPS  1 .53** .32** .514 1.944 
3.SEA   1 .25* .558 1.791 
4.MAI-Total    1   
**p<.01    *p<.05 
The results of the multiple regression analysis, which address the third research question, 
are given in Table 4. The method of “Enter” was conducted before making predictions on the 
potential dominancy of certain variables on the model. 
Table 4. Results of regression analysis for score predictions of metacognitive skills 
Variables B Std. ErrorB ꞵ t p 
Constant 49.273 14.227  3.463 .001 
SCS .687 .254 .436 2.704 .008 
SPS .105 .252 .060 .415 .679 
SEA -.269 .540 -.069 -.497 .620 
R= .437, R2=.191, F(3,76)=5.983, p<.01         
As illustrated in Table 4, SCS, SPS and SEA, taken together, function as a predictor of 
students’ metacognitive skills [F(3,76)=5.983, p<.01]. As such, independent variables (i.e. 
SCS, SPS and SEA) all together explain 19.1 % of scores of metacognitive skills. On the 
other hand, the variables SPS and SEA are not significant predictors of scores on 
metacognitive skills. Thus, the analysis was reconducted to determine the predictive power of 
the SCS as the sole variable. The SCS as the predictor of students’ metacognitive skills 
explain 18.7 % of the total variance [R(SCS)= .433, R2=.187, F(1,78)=17.95, p<.01].   
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  4. Conclusion and Discussion 
The current study sets out to investigate the students’ chemistry self-efficacy beliefs and 
metacognitive skills during problem solving in chemistry; a potential significant difference of 
chemistry self-efficacy beliefs and levels of metacognitive skills regarding subject fields, and 
the level of chemistry self-efficacy beliefs in predicting metacognitive skills when problem 
solving. As the previous literature review has indicated, the level of self-efficacy varies in 
accordance with particular environments, conditions, command of the matter at hand and task 
types. Therefore, self-efficacy should be measured at the optimal level of specificity within a 
specific domain (Bandura, 1997; Zimmerman, 2000b). The data for the current study come 
from “Metacognitive Activities Inventory (MAI)” and “College Chemistry Self-Efficacy 
Scale (CCSC)”. Both scales are designed distinctively for the fields of Chemistry and 
Chemistry Education. In the development of the CCSC, the researchers closely examined the 
components attributed to chemistry self-efficacy, and then following the related studies in 
Science and Chemistry Education, they constructed the items based on the dimensions of “(1) 
self-efficacy for knowledge/comprehension-level skills, (2) self-efficacy for higher-order 
skills, (3) self-efficacy for psychomotor skills, and (4) self-efficacy for everyday 
applications”. The analyses have shown that the scale is composed of three dimensions, 
namely “self-efficacy for cognitive skills, self-efficacy for psychomotor skills, and self-
efficacy for everyday applications”. It has also been observed that the dimensions of “self-
efficacy for knowledge/comprehension-level skills and self-efficacy for higher-order skills” 
are combined in the dimension of “self-efficacy for cognitive skills” (Uzuntiryaki & Çapa 
Aydın, 2009). Notice that those dimensions, part of the scientific literacy, are critical to 
success in the field of Chemistry (Chiappetta, Sethna & Fillman, 1993; DeBoer, 2000; 
Uzuntiryaki & Çapa Aydın, 2009). 
The study has revealed that students have high levels of self-efficacy in the dimensions of 
SCS, SPS and SEA as the levels of their metacognitive skills are. Students with high self-
efficacy tend to select more challenging tasks, persevere more and show better resilience not 
to give up easily (Pajares, 1997). It has been well-established in the literature that 
undergraduate students tend to have high levels of MAI (Cooper et.al., 2008; Cooper & 
Sandi-Urena, 2009). In their study, Dikmen and Tuncer (2018) found the average scores of 
the university students' metacognitive thinking ability quite high. In a similar vein, Tüysüz 
(2013) maintained that gifted students are likely to show higher levels of metacognition with 
regards to problem solving skills. Considering the levels of high school students’ chemistry 
self-efficacy, they tend to score mediocrely on chemistry self-efficacy for cognitive skills and 
attain quite lower scores on self-efficacy for chemistry laboratory (Yılmaz & Dinçol Özgür, 
2019). 
According to Dalgety and Coll (2006a), students do not maintain high self-efficacy in the 
entire field of Chemistry, and they might get skeptical about their own abilities to meet 
specific advanced tasks such as offering private lessons and designing an experiment. 
Graham, Bohn-Gettler and Raigoza (2019) found that SCS and SEA levels of undergraduate 
students are above the average. Their study also has demonstrated that the levels of SCS, SPS 
and SEA beliefs show a positive correlation both with one another and with the levels of 
metacognitive skills. Taking the current relationship into consideration, the levels of 
metacognitive skills tend to diminish in intensity towards the levels of SCS, SPS and SEA 
beliefs. In their study, Uzuntiryaki and Çapa Aydın (2009) found that there is a positive, 
moderate relationship between SCS beliefs of the students and their academic success in 
chemistry. The authors also maintained that a positive, weak relation exists between students’ 
SPS and SEA beliefs and their academic performance in chemistry. 
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The present study has shown that there is a significant difference merely in the scores of 
SPS beliefs based on the subject fields students were majoring (i.e. Chemistry vs. Chemistry 
Education), and the difference seems to be in favor of Chemistry students. Bandura (1997) 
states that students interpret previous experiences on the task at hand and cultivate beliefs 
regarding their own abilities to meet specific goals and expectations. In this regard, 
considering the importance of earlier experiences, the reason why chemistry students’ beliefs 
on their abilities for the laboratory practices emerged higher than students of Chemistry 
Education might be related to the previous experiences these students have engaged in 
regularly, thereby in turn boosting their self-efficacy more. More specifically, the curriculum 
covered in the Department of Chemistry relies on more laboratory classes (i.e. compulsory 
and elective) than that of the Department of Chemistry Education. 
The analyses have shown that the levels of students’ metacognitive skills during problem 
solving statistically significant predict solely the variable of SCS, which accounts for 18.7 % 
of the total variance. A close look at the items of SCS dimension indicates that the dimension 
includes self-efficacy beliefs in the ability to solve chemistry problems as well as explain 
chemistry-related concepts. Self-efficacy is a key term in science education, and perceived 
self-efficacy also influences cognitive/metacognitive processes and academic motivation 
(Locke & Latham, 1990; Kirbulut, 2014; Zimmerman, 2011). Previous literature has shown 
that high level of self-efficacy has an important effect on the use of certain 
cognitive/metacognitive strategies (Pajares, 2002; Pintrich & De Groot, 1990), which are 
strategies for successfully completing the required tasks. As has been mentioned before, the 
data collection tools employed in the current study were designed distinctively for the fields 
of Chemistry/Chemistry Education, which thus contributes to the current majors. Moreover, 
to the best of our knowledge, no other studies have yielded the same results as our research 
has presented. Hayat and Shateri (2019) suggest that self-efficacy as an indicator of 
performance is critical to the use of metacognitive learning strategies. Kahraman and Sungur 
(2011) maintain that there is a positive correlation between self-efficacy and use of 
metacognitive strategies; elementary students with high self-efficacy levels tend to use 
metacognitive strategies, and thus their self-efficacy functions as a determinant of 
employment of metacognitive strategies in science classes. Similarly, Kirbulut (2014) puts 
forward that students with high chemistry self-efficacy tend to be more aware of their own 
cognitive skills as well as regulation of these cognitive processes. In brief, earlier research 
has demonstrated that self-efficacy and metacognition are distinct but related constructs. The 
significance of self-efficacy to metacognitive skills, the impact of high levels of self-efficacy 
on the use of a range of cognitive and metacognitive strategies and the relation of high self-
efficacy levels with the use of metacognitive strategies have been well-established in the 
existing literature (Kahraman & Sungur, 2011; Pajares, 2002; Paris & Winnograd, 1990; 
Pintrich & De Groot, 1990; Sungur, 2007; Tembo & Ngwira, 2016; Zimmerman, 2000a; 
Zimmerman, 2011). The purpose of the current study was to advance understanding of the 
intricate relationship between self-efficacy and metacognition. More precisely, the study was 
an attempt at an investigation of the impact of chemistry self-efficacy beliefs on the 
metacognitive skills when solving problems. Therefore, it is believed that the study will 
contribute to the existing literature in the field of Chemistry Education.   
 
5. Limitations and Recommendations 
 There are limitations to the extent to which general claims can be made on the basis of 
data that derive from a small sample size. The scope of the current study is one institution, a 
public university in Turkey, which makes it difficult to arrive at any broad generalizations 
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concerning the matter at hand. Another limitation of the study is that as the research focuses 
on only chemistry self-efficacy beliefs as determinants of metacognitive skills, expanding the 
angle to other research topics such as motivation and self-regulation skills may advance our 
understanding of student performance attainments.   
 Metacognition plays an important role in solving problems as well as comprehending 
chemistry topic (Cooper & Sandi-Urena, 2009; Kaberman & Dori, 2009; Kipnis & Hofstein, 
2008; Sandi-Urena et al., 2011; Tsai, 2001). Previous research has indicated that 
metacognitive skills are key to permanent learning, enhancement of success, better 
questioning skills (Azevedo, Grene & Moos, 2007; Desoete, 2008; Vrugt & Oort, 2008). On 
the other hand, self-efficacy beliefs are determinants of success anticipation. Moreover, in 
chemistry and other fields, self-efficacy, a determinant of behavior indirectly affecting 
performance, has been found a predictive construct for academic success (Uzuntiryaki & 
Çapa Aydın, 2009). 
 The relationship between self-efficacy and student success has been investigated in the 
literature (Andrew, 1998; Britner & Pajares, 2001; Dalgety & Coll, 2006b; Hampton & 
Mason, 2003; Lau & Roeser, 2002). It has been concluded that self-efficacy and 
metacognition, distinct but related constructs, are key players in education. Veenman, Van 
Hout-Wolters and Afflerbach (2006) maintain that metacognitive knowledge and skills can 
be fostered through suitable teaching activities. The current study extended understanding of 
self-efficacy, and based on the results, it is suggested that educational settings must be 
designed to promote students’ self-efficacy beliefs as well as to foster their awareness of 
metacognitive skills. This has important implications for educators as they should not neglect 
the motivational aspects of these constructs for academic success, and they should thus 




    
142 
References 
Andrew, S. (1998). Self-efficacy as a predictor of academic performance in science. Journal 
of Advanced Nursing, 27(3), 596–603. https://doi.org/10.1046/j.1365-
2648.1998.00550.x.   
Avargil, S. (2019). Learning Chemistry: Self-Efficacy, Chemical Understanding, and 
Graphing Skills.  Journal of Science Education and Technology, 28, 285–298. 
https://doi.org/10.1007/s10956-018-9765-x. 
Azar, A. (2010). Ortaöğretim fen bilimleri ve matematik öğretmeni adaylarının öz yeterlilik 
inançları. ZKÜ Sosyal Bilimler Dergisi, 6(12), 235–252.  
Azevedo R., Grene J. A., & Moos D. C. (2007). The effect of a human agent’s external 
regulation upon college students’ hypermedia learning. Metacognition and Learning, 
2, 67–87. https://doi.org/10.1007/s11409-007-9014-9.  
Bandura, A. (1994). Self-efficacy. In V. S. Ramachaudran (Ed.), Encyclopedia of human 
behavior (Vol. 4, pp. 71-81). New York: Academic Press. 
Bandura, A. (1997). Self-efficacy: The exercise of control. New York: W. H. Freeman. 
Bandura, A., Caprara, G. V., Barbaranelli, C., Gerbino, M., & Pastorelli, C. (2003). Role of 
affective self-regulatory efficacy in diverse spheres of psychosocial functioning. 
Child Development, 74(3), 769-782. https://doi.org/10.1111/1467-8624.00567.  
Bozgün, K., & Pekdoğan, S. (2018). The Self-Efficacy as Predictors of the Metacognition 
Awareness in Children. Journal of Education and Future, 14, 57-69. 
https://doi.org/10.30786/jef.390814 
Britner, S. L., & Pajares, F. (2001). Self-efficacy beliefs, motivation, race, and gender in 
middle school science. Journal of Women and Minorities in Science and 
Engineering, 7, 271-285.  https://doi.org/10.1615/JWomenMinorScienEng.v7.i4.10.  
Büyüköztürk, Ş. (2009). Sosyal bilimler için veri analizi el kitabı. Ankara: Pegem Akademi. 
Cassidy, S., & Eachus, P. (2002). Developing the computer self-efficacy (CSE) scale: 
Investigating the relationship between CSE, gender and experience with computers. 
Journal of Educational Computing Research, 26(2), 133-153. 
https://doi.org/10.2190/JGJR-0KVL-HRF7-GCNV.  
Cera, R.,  Mancini, M., & Antonietti, A. (2013). Relationships between metacognition, self-
efficacy and self-regulation in learning.  Educational Cultural and Psychological 
Studies, 7, 115-141. https://doi.org/10.7358/ecps-2013-007-cera.    
Chiappetta, E. L., Sethna, G. H., & Fillman, D. A. (1993). Do middle school life science 
textbooks provide a balance of scientific literacy themes? Journal of Research in 
Science Teaching, 30(7), 787–797. https://doi.org/10.1002/tea.3660300714.  
Cooper, M.M., Sandi-Urena, S., & Stevens, R. (2008). Reliable multi method assessment of 
metacognition use in chemistry problem solving. Chemistry Education Reserarch 
and Practice, 9, 18–24. https://doi.org/10.1039/B801287N 
Cooper, M.M., & Sandi-Urena, S. (2009). Design and validation of an instrument to assess 
metacognitive skillfulness in chemistry problem solving. Journal of Chemical 
Education, 86(2), 240-245. https://doi.org/10.1021/ed086p240.  
Coutinho, S. (2008). Self-efficacy, metacognition, and performance. North American Journal 
of Psychology, 10(1), 165–172. 
Creswell, J. W. (2007). Qualitative inquiry and research design: Choosing among five 
approaches. Thousand Oaks; London; New Delhi: Sage Publications. 
Çapa Aydın, Y., & Uzuntiryaki, E. (2009). Development and psychometric evaluation of the 
high school chemistry self-efficacy scale. Educational and Psychological 
Measurement, 69(5), 868-880. https://doi.org/10.1177/0013164409332213.  
International Online Journal of Education and Teaching (IOJET) 2021, 8(1), 132-147. 
 
143 
Çapa Aydin, Y., Uzuntiryaki, E., & Demirdöğen,  B. (2011). Interplay of motivational and 
cognitive strategies in predicting self‐efficacy and anxiety. Educational Psychology, 
31(1), 55-66. https://doi.org/10.1080/01443410.2010.518561.  
Dalgety, J., Coll, R. K., & Jones, A. (2003). Development of chemistry attitudes and 
experiences questionnaire (CAEQ). Journal of Research in Science Teaching, 40(7), 
649-668. https://doi.org/10.1002/tea.10103.  
Dalgety, J., & Coll, R. K. (2006a). Exploring first-year science students’ chemistry self-
efficacy. International Journal of Science and Mathematics Education, 4(1), 97-116. 
https://doi.org/10.1007/s10763-005-1080-3.   
Dalgety, J., & Coll, R. K. (2006b). The influence of first year chemistry students’ learning 
experiences on their educational choices. Assessment & Evaluation in Higher 
Education, 31(3), 303-328. https://doi.org/10.1080/02602930500352931.   
DeBoer, G. E. (2000). Scientific literacy: Another look at its historical and contemporary 
meanings and its relationship to science education reform. Journal of Research in 
Science Teaching, 37(6), 582–601. https://doi.org/10.1002/1098-
2736(200008)37:6<582::AID-TEA5>3.0.CO;2-L.  
Desoete A. (2008). Multi-method assessment of metacognitive skills in elementary school 
children: how you test is what you get. Metacognition and Learning, 3, 189 – 206. 
https://doi.org/10.1007/s11409-008-9026-0.  
Dikmen M., & Tuncer M. (2018). Üniversite öğrencilerinin üstbiliş düşünme beceri 
algılarının çeşitli değişkenler açısından incelenmesi: Fırat üniversitesi örneği. 
Journal of Higher Education and Science, 8(2), 392-400. 
https://doi.org/10.5961/jhes.2018.281. 
Dinçol Özgür, S., Temel, S., & Yılmaz, A. (2018). Üstbilişsel etkinlik envanteri: Geçerlik ve 
güvenirlik çalışması. Karaelmas Fen ve Mühendislik Dergisi, 8(2), 618-625.  
https://doi.org/10.7212%2Fzkufbd.v8i2.1241.  
Dykeman, C., Wood, C., Ingram, M., & Herr, E.L. (2003). Career development ınterventions 
and academic self-efficacy and motivation: A pilot study.  National Resarch Center 
for Career and Technical Education University of Minnesota. (ERIC Number: 
ED480312) 
Ferrell, B., Phillips, M. M., & Barbera, J. (2016). Connecting achievement motivation to 
performance in general chemistry. Chemical Education Research and Practice, 
17(4), 1054–1066. https://doi.org/10.1039/C6RP00148C.  
Flavell, J. H. (1979). Metacognition and cognitive monitoring: A new area of cognitive–
developmental inquiry. American Psychologist, 34(10), 906–911. 
https://doi.org/10.1037/0003-066X.34.10.906.  
Flavell, J.H. (2000). Development of children’s knowledge about the mental world. 
International Journal of Behavioral Development, 24(1), 15–23. 
https://doi.org/10.1080/016502500383421.  
Garcia, C. A. (2010). Tracking chemistry self-efficacy and achievement in a preparatory 
chemistry course, Doctoral Dissertation, University of South Florida, Florida, USA.  
Gay, L.R., & Airasian, P. (2000). Educational research: Competencies for analysis and 
application. New Jersey: Upper Saddle River. 
George, D., & Mallery, P. (2010). SPSS for Windows step by step: a simple guide for 
reference 11.0 update. Boston: Allyn & Bacon.  
Ghonsooly B., Khajavy G.H., & Mahjoobi F.M. (2014). Self-efficacy and metacognition as 
predictors of Iranian teacher trainees’ academic performance: A path analysis 




    
144 
Graham, K. J., Bohn-Gettler, C. M., & Raigoza, A. F. (2019). Metacognitive training in 
chemistry tutor sessions increases first year students’ self-efficacy. Journal of 
Chemical Education, 96(8), 1539-
1547.https://doi.org/10.1021/acs.jchemed.9b00170.  
Hampton, N. Z., & Mason, E. (2003). Learning disabilities, gender, sources of self-efficacy, 
self-efficacy beliefs, and academic achievement in high school students. Journal of 
School Psychology, 41(2), 101–112. https://doi.org/10.1016/S0022-4405(03)00028-1.  
Hartman, H. J. (1998). Metacognition in teaching and learning: An introduction. Instructional 
Science, 26, 1−3. https://doi.org/10.1023/A:1003023628307.   
Hayat, A. A., & Shateri, K. (2019). The role of academic self-efficacy in improving students’ 
metacognitive learning strategies. Journal of Advances in Medical Education & 
Professionalism, 7(4), 205-212. https://doi.org/10.30476/jamp.2019.81200.   
Hennessey, M. G. (1999). Probing the dimensions of metacognition: implications for 
conceptual change teaching-learning. Paper Presented at the Annual Meetingof the 
National Association for Research in Science Teaching (Boston, MA,March 28-31). 
Eric Number: ED446921. 
Kaberman, Z., & Dori, Y. J. (2009). Metacognition in chemical education: Question posing 
in the case-based computerized learning environment. Instructional Science, 37, 
403-436. https://doi.org/10.1007/s11251-008-9054-9.   
Kahraman, N., & Sungur, S. (2011).  The contribution of motivational beliefs to students’ 
metacognitive strategy use. Education and Science, 36(160), 3-10. 
Kanfer, R., & Ackerman, P. L. (1989). Motivation and cognitive abilities: An 
integrative/aptitude-treatment interaction approach to skill acquisition. Journal of 
Applied Psychology, 74(4), 657–690. https://doi.org/10.1037/0021-9010.74.4.657. 
Karasar, N. (2010). Bilimsel araştırma yöntemi. Ankara: Nobel Yayınları. 
Kipnis, M. & Hofstein, A. (2008). The inquiry laboratory as a source for development of 
metacognitive skills. International Journal of Science and Mathematics Education, 
6, 601-627. https://doi.org/10.1007/s10763-007-9066-y.  
Kirbulut, Z. D. (2014). Modeling the relationship between high school students’ chemistry 
self-efficacy and metacognitive awareness. International Journal of Environmental 
& Science Education, 9, 177-196. https://doi.org/10.12973/ijese.2014.210a.   
Kirbulut, Z. D. (2019). Exploring the relationship between metavariables and self-efficacy in 
Chemistry. Eurasian Journal of Educational Research, 81, 37-56. 
https://doi.org/10.14689/ejer.2019.81.3.  
Kirbulut, Z. D., & Uzuntiryaki-Kondakci, E. (2019) Examining the mediating effect of 
science self-efficacy on the relationship between metavariables and science 
achievement. International Journal of Science Education, 41(8), 995-1014. 
https://doi.org/10.1080/09500693.2019.1585594.  
Landine J., & Stewart J.  (1998). Relationship between metacognition, motivation, locus of 
control, self-efficacy, and academic achievement. Canadian Journal of Counselling. 
32(3), 200-212. 
Lau, S., & Roeser, R. W. (2002). Cognitive abilities and motivational processes in high 
school students’ situational engagement and achievement in science. Educational 
Assessment, 8(2), 139–162. https://doi.org/10.1207/S15326977EA0802_04.  
Linnenbrink, E. A., & Pintrich, P. R. (2002). Motivation as an enabler for academic success. 
School Psychology Review, 31(3), 313–327. 
https://doi.org/10.1080/02796015.2002.12086158.  
Locke, E. A., & Latham, G. P. (1990). A theory of goal setting and task performance. 
Englewood Cliffs, N.J.: Prentice-Hall. 
 
International Online Journal of Education and Teaching (IOJET) 2021, 8(1), 132-147. 
 
145 
Moores, T. T., Chang, J. C. J., & Smith, D. K. (2006). Clarifying the role of self-efficacy and 
metacognition as predictors of performance: Construct development and test. The 
DATA BASE for Advances in Information Systems, 37(2 & 3), 125-132. 
Nasri, S., Saleh Sedghpour B., Cheraghian Radi M. (2014). Structural equation of modeling 
the relationship between self-efficacy and metacognition with problem solving 
appraisal. Journal of School Psychology, 3(3), 106-121. 
Nietfeld, J. L., Cao, L., & Osborbe, J. W. (2005). Metacognitive monitoring accuracy and 
student performance in the postsecondary classroom. The Journal of Experimental 
Education, 74 (1), 7–28. 
Ormrod, J. E. (2006). Educational psychology: Developing learners. Upper Saddle River, 
N.J.: Merrill/ Prentice Hall. 
Oyelekan, O. S., Jolayemi, S. S., & Upahi, J. E. (2019). Relationships among senior school 
students’ self-efficacy, metacognition and their achievement in Chemistry. Cypriot 
Journal of Educational Sciences. 14(2), 208-221. 
https://doi.org/10.18844/cjes.v14i2.2564.  
Pajares, F. (1997). Current directions in self-efficacy research. In M. Maehr & P. R. Pintrich 
(Eds.). Advances in motivation and achievement (Vol.10, pp. 1-49). Greenwich, CT: 
JAI Press. 
Pajares F. (2002). Gender and perceived self-efficacy in self-regulated learning. Theory Into 
Practice, 41(2), 116-125. https://doi.org/10.1207/s15430421tip4102_8.    
Pallant, J. (2010). SPSS survival manual: A step by step guide to data analysis using SPSS for 
Windows. Maidenhead: Open University Press. 
Palmer, D. H. (2006). Sources of self-efficacy in a science methods course for primary 
teacher education students. Research in Science Education, 36, 337–353. 
https://doi.org/10.1007/s11165-005-9007-0.  
Paris, S. G., & Winograd, P. (1990). How metacognition can promote academic learning and 
instruction. In B. F. Jones & L. Idol (Eds.), Dimensions of thinking and cognitive 
instruction (pp. 15-52). Hillsdale, New Jersey: Lawrence Erlbaum Associates. 
Pintrich, P. R. (2002). The role of metacognitive knowledge in learning, teaching, and 
assessing. Theory Into Practice 41(4), 219-225. 
https://doi.org/10.1207/s15430421tip4104_3.  
Pintrich, P. R., & De Groot, E. V. (1990). Motivational and self-regulated learning 
components of classroom academic performance. Journal of Educational 
Psychology, 82(1), 33-40. https://doi.org/10.1037/0022-0663.82.1.33.  
Rickey, D., & Stacy, A. M. (2000). The role of metacognition in learning chemistry. Journal 
of Chemical Education, 77(7), 915–920. https://doi.org/10.1021/ed077p915.   
Sandi-Urena, S. (2008). Design and validation of a multimethod assessment of metacognition 
and study of the effectiveness of metacognitive interventions. Doctoral Dissertation, 
Clemson University. 
Sandi‐Urena, S., Cooper, M. M., & Stevens, R. H. (2011). Enhancement of metacognition 
use and awareness by means of a collaborative intervention. International Journal of 
Science Education, 33(3), 323-340. https://doi.org/10.1080/09500690903452922.  
Schraw, G., & Dennison, R. S. (1994). Assessing metacognitive awareness. Contemporary 
Educational Psychology, 19(4), 460-475. https://doi.org/10.1006/ceps.1994.1033.  
Schraw, G., & Moshman, D. (1995). Metacognitive theories. Educational Psychological 
Review, 7(4), 351-371. https://doi.org/10.1007/BF02212307. 
Schraw, G. (1998). Promoting general metacognitive awareness. Instructional Science, 26, 
113–125. https://doi.org/10.1023/A:1003044231033  
 
Ozgur 
    
146 
Schraw, G., Brooks, D. W., & Crippen, K. J. (2005). Using an interactive, compensatory 
model of learning to improve chemistry teaching. Journal of Chemical Education, 
82(4), 637–640. https://doi.org/10.1021/ed082p637.   
Snyder, C. R., & Lopez, S. J. (2002). Handbook of positive psychology. Oxford: Oxford 
University Press.   
Summers, D. M. (2009). An examination of factors affecting nontraditional students' 
chemistry self-efficacy. Master Thesis, University of Alaska Anchorage, Alaska.  
Sungur, S. (2007). Modeling the relationships among students’ motivational beliefs, 
metacognitive strategy use, and effort regulation. Scandinavian Journal of 
Educational Research, 51(3), 315-326. 
https://doi.org/10.1080/00313830701356166.  
Tabachnick, B. G., & Fidell, L. S. (2001). Using multivariate statistics. MA: Allyn & Bacon, 
Inc. 
Tembo, L. H., & Ngwira, F. F. (2016). The impact of self-efficacy beliefs on learning 
strategies: towards learning Human Anatomy at College of Medicine. Journal of 
Contemporary Medical Education, 4(2), 47-53. 
https://doi.org/10.5455/jcme.20160603033340.    
Tian, Y., Fang, Y., &  Li, J. (2018). The Effect of Metacognitive Knowledge on Mathematics 
Performance in Self-Regulated Learning Framework—Multiple Mediation of Self-
Efficacy and Motivation. Frontiers in Psychology, 9, 2518, 1-11. 
https://doi.org/10.3389/fpsyg.2018.02518.  
Tsai, C.C. (2001). A review and discussion of epistemological commitments, metacognition, 
and critical thinking with suggestions on their enhancement in internet-assisted 
chemistry classrooms. Journal of Chemical Education, 78(7), 970–974. 
https://doi.org/10.1021/ed078p970.   
Tüysüz, C. (2013). Üstün yetenekli öğrencilerin problem çözme becerisine yönelik üstbiliş 
düzeylerinin belirlenmesi. Mustafa Kemal University Journal of Social Sciences 
Institute, 10 (21), 157-166.  
Uzuntiryaki, E., & Çapa Aydın, Y. (2009). Development and validation of chemistry self-
efficacy scale for college students. Research in Science Education, 39, 539–551. 
https://doi.org/10.1007/s11165-008-9093-x.  
Uzuntiryaki-Kondakçı, E., & Çapa-Aydın, Y. (2013). Predicting critical thinking skills of 
university students through metacognitive self-regulation skills and chemistry self-
efficacy. Educational Sciences: Theory & Practice, 13(1), 666-670.  
Valencia-Vallejo, N., López-Vargas, O., & Sanabria-Rodríguez, L. (2019). Effect of a 
metacognitive scaffolding on self-efficacy, metacognition, and achievement in e-
learning environments. Knowledge Management & E-Learning, 11(1), 1–19. 
https://doi.org/10.34105/j.kmel.2019.11.001   
Van der Stel, M., & Veenman, M. V. J. (2014). Metacognitive skills and intellectual ability of 
young adolescents: a longitudinal study from a developmental perspective. 
European Journal of Psychology of Education, 29(1), 117-137. 
https://doi.org/10.1007/s10212-013-0190-5 
Veenman, M. V. J., Van Hout-Wolters, B. H. A. M., & Afflerbach, P. (2006). Metacognition 
and learning: conceptual and methodological considerations. Metacognition and 
Learning, 1, 3–14. https://doi.org/10.1007/s11409-006-6893-0.  
Vrugt A., & Oort F. J. (2008). Metacognition, achievement goals, study strategies and 
academic achievement: pathways to achievement. Metacognition and Learning 3, 
123–146. https://doi.org/10.1007/s11409-008-9022-4 
International Online Journal of Education and Teaching (IOJET) 2021, 8(1), 132-147. 
 
147 
Wallace, C. S., Prain, V., Hand, B. (2004). Does writing promote learning in science? In 
Wallace, C. S., Hand, B., Prain, V. (Eds.), Writing and learning in the science 
classroom (pp.1-10). Dordrecht Boston: Kluiwer Academic Publishers. 
White, B., & Frederiksen, J. (2005). A theoretical framework and approach for fostering 
metacognitive development. Educational Psychologist, 40(4), 211-223. 
https://doi.org/10.1207/s15326985ep4004_3.  
Wu, X. (2013). The power of affective factors (self-efficacy, motivation and gender) to 
predict chemistry achievement with the benefits of knowledge surveys on 
metacognition level. Doctoral dissertation, Louisiana State University and 
Agricultural and Mechanical College.  
Yıldız, H., & Akdağ, M. (2017). The effect of metacognitive strategies on prospective 
teachers’ metacognitive awareness and self efficacy belief. Journal of Education and 
Training Studies, 5(12), 30-40. https://doi.org/10.11114/jets.v5i12.2662.  
Yılmaz, A., & Dinçol Özgür, S. (2019). Schülermotivation für chemieunterricht und 
selbstwirksamkeit in chemie. Gesellschaft Für Didaktik der Chemie und Physik, 09-
12 September 2019, GDCP 2019, Wien, Österreich. 
Zimmerman, B. J. (2000a). Attaining Self-Regulation: A Social Cognitive Perspective. In M. 
Boekaerts, P. R. Pintrich, & M. Zeidner (Eds.), Handbook of Self-Regulation (pp. 
13-39). San Diego, CA: Academic Press. https://doi.org/10.1016/B978-0-12-
109890-2.X5027-6.  
Zimmerman, B. J. (2000b). Self-efficacy: An essential motive to learn. Contemporary 
Educational Psychology, 25, 82-91. https://doi.org/10.1006/ceps.1999.1016   
Zimmerman, B. J. (2011). Motivational sources and outcomes of self-regulated learning and 
performance. In B. J. Zimmerman & D. H. Schunk (Eds.), Handbook of self-
regulation of learning and performance (p. 49–64). New York, NY: Routledge  
 
 
 
 
